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Abstract — This  work  seeks  to  evaluate  the  influences  of  the  addition  of  rice  husk  bio-oil  in  the  concrete 
mixture  for  structural  purposes.  In  the  first  stage  of  the  research,  through  the  pyrolysis  process,  the  fraction 
of  bio-oil  was  obtained  and  in  a  second  moment,  its  addition  to  the  cement  paste  and  the  concrete  mixture. 
With  the  use  of  oil  obtained  from  rice  husk,  it  was  aimed  to  analyze  the  effects  generated  in  cement  paste  and 
concrete  in  the  fresh  and  hardened  states,  consequently  seeking  to  evaluate  the  potential  of  the  liquid  as  a 
surfactant  addition  to  concretes.  The  study  embraces  the  analysis  of  the  physical  and  mechanical  properties 
of  the  concrete  mixt  with  the  addition  of  the  bio-oil.  The  results  indicate  that  these  properties  undergo 
changes,  which  may  enable  the  use  of  its  by-product. 
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I.  INTRODUCTION 

Contrary  to  what  is  imagined,  additions  to  composite 
materials  mixtures,  for  structural  goals,  are  quite  old.  It  was 
already  used  by  the  Romans  long  before  Portland  cement, 
which  is  the  most  common  type  of  concrete,  nowadays  [1]. 

Recently,  the  incorporation  of  residues  in  cement 
mixtures  has  growing  significantly  in  research,  in  the  field 
of  civil  engineering,  due  to  presenting  technical  advantages 
and  social  benefits  related  to  the  reuse  of  organic  materials 
available  in  the  nature.  Contributing  with  the  sustainability 
[2]. 

Some  alternatives  are  being  studied  by  researchers,  such 
as  the  use  of  residual  biomass  from  the  agriculture  in  the 
production  of  concrete. 

The  biomass  of  rice  husk,  the  subject  of  this  research, 
already  has  functionality  in  several  industrial  sectors,  such 
as  its  use  in  biomass  power  plants,  due  to  its  high  heat 
capacity  and  as  a  mineral  addition  to  concrete,  and  its  high 
silica  content. 

The  by-product  resulting  from  the  grain  processing 
corresponds  to  approximately  20%  of  rice  total  weight, 
meaning  that  the  production  of  this  cereal  generates  a  large 
amount  of  waste  [3]  [4]. 

The  use  of  rice  husk  as  a  source  of  silica  and  oil 
production  has  been  widely  discussed  in  scientific  studies. 
Such  product  is  one  of  the  main  readily  available  biomass 
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resources,  being  an  ideal  fuel  for  electricity  generation, 
activated  carbon  production  and  silica  production,  widely 
used  as  mineral  addition  for  structural  concrete  [5]  [6], 

The  yield  of  each  by-product  obtained  in  the  hull 
pyrolysis  process,  depends  on  the  biomass  characteristics, 
besides  the  main  parameters  of  the  process,  such  as  reaction 
temperature,  heating  rate,  residence  time  and  particle  size  of 
the  biomass  [7]. 

[8]  showed,  in  his  master’s  thesis,  about  rapid  pyrolysis 
of  rice  hulls,  that  the  bio-oil  generated  in  the  process  proved 
to  be  rich  in  oxygenated  compounds  (phenols,  ketones  and 
carboxylic  acids),  the  main  components  of  plasticizer 
additives  according  to  [9],  thus  there  is  an  indicator  that  bio¬ 
oil  may  have  a  similar  effect  on  concrete  and  cement  paste. 

In  this  context,  the  general  objective  of  this  study  is  to 
evaluate  and  to  compare,  the  physical-mechanical  properties 
of  the  cement  and  concrete  mixed  with  the  addition  of  rice 
hulls  bio-oil. 

II.  METHODOLOGY 

The  activities  for  the  development  of  this  study  were 
divided  into  two  stages:  Production  of  bio-oil  and  its 
application  in  concrete  and  cement  paste. 
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2.1  Pyrolysis  of  rice  husk. 

For  starting  the  pyrolysis  it  was  necessary  to  make 
briquettes,  cylindrical  biomass,  as  shown  in  Fig.  1 


Fig.l:  Wet  and  processed  rice  husk  briquettes. 


The  process  consists  in  the  fractionation  of  200g  of  rice 
husk  in  a  low-speed  blender  and  its  subsequent  sieving  in  a 
standard  1.18mm  mesh  sieve.  100ml  of  water  was  added  to 
the  pass-through  material  and  the  hydrated  biomass  was 
pressed  into  a  20cm  long  and  32mm  diameter  tube.  We  used 
a  low-speed  blender  to  decrease  the  granulometry  of  the 
material,  then  sieve  it  with  a  1.18mm  sieve  from  the  normal 
series.  We  produced  3  briquettes  with  that  amount  and  the 
rest  was  discarded. 

Subsequently,  the  hydrated  biomass  was  pressed  into  a 
cylindrical  pipe  20cm  long  and  32mm  in  diameter.  The 
briquettes  were  dried  in  a  heating  chamber  for  24  hours. 

The  adopted  intermediate  pyrolysis  process, 
characterized  by  [10],  occurs  between  500  °C  and  650  °C 
with  a  heating  rate  varying  between  1  °C/min  and  10  °C/min 
and  residence  time  of  5  min  and  15  min.  Consequently,  the 
pressure  stays  at  0.1  MPa  during  the  process.  Typically,  the 
yields  of  products  in  this  modality  are  between  40-60%  bio¬ 
oil,  20-30%  non-condensable  gases  and  15-25%  biochar. 

The  thermal  conversion  of  the  biomass  was  made  in  a 
100cm  long,  stainless  steel  fixed  bed  reactor  with  a  10cm 
outside  diameter,  operated  in  batch  mode,  with  water  vapor 
as  the  carrier  gas,  as  shown  in  Fig.  2 


Fig. 2:  Fixed  bed  reactor  in  stainless  steel  body. 

For  mass  and  yield  balance  purposes,  after  the  reaction 
and  cooling  of  the  pyrolysis  unit,  the  coal,  gas  and  oil 
fractions  obtained  were  weighed. 

2.2  Dosage  and  addition  of  bio-oil  to  concrete 

In  this  stage,  concrete  was  produced  with  a  referenced 
mix  proportioned  by  the  Brazilian  Portland  Cement 
Association  (ABCP)  method  and  the  addition  of  the  bio-oil. 

This  method  consists  of  collecting  data  in  the  laboratory 
of  the  materials  used  in  the  production  of  concrete,  they  are: 
fineness  modulus  (FM),  maximum  characteristic  length 
(MCL),  humidity  (h%),  specific  mass  (y)  and  unit  (5).  From 
the  data  obtained,  tables  and  graphs  were  used  to  support 
obtaining  the  appropriate  proportions  for  the  mix. 

The  fck  (Feature  Compression  Know  at  28  days)  of  30 
MPa  was  defined  for  an  aggressiveness  class  II  [11], 
moderate  aggressiveness  class  and  low  risk  of  deterioration 
of  the  structure.  Another  characteristic  adopted  was  a 
concrete  slump  equal  to  50  +  10mm. 

Based  on  the  concrete  mix,  the  consumption  of  the 
necessary  inputs  for  making  24  specimens  for  each  bio-oil 
content  was  calculated,  in  the  percentages  of  0.5  and  1.0% 
of  addition  in  relation  to  the  cement  mass  of  the  mix. 

III.  RESULTS  AND  DISCUSSION 
3.1  Preliminary  Bio-oil  Evaluation 

In  this  research,  it  was  used  results  of  bio-oil 
characterizations  made  recently  and  similarly,  for  the 
development  of  the  bio-oil  for  this  research. 

The  data  referring  to  the  physical  and  chemical 
properties  of  rice  husk  oil  can  give  strong  indications  about 
the  quality,  toxicity  and  stability  of  the  product,  as  stated  in 
[8].  According  to  the  author,  chromatographic  and 
spectrographic  methods  are  the  main  instruments  for  the 
characterization. 
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For  [12]  both  the  pyrolysis  temperature  and  the 
properties  of  the  raw  material  used,  strongly  influence  in  the 
properties  of  the  liquid  obtained. 

Bio-oil,  also  called  pyrolysis  oil,  is  a  liquid  mixture  of 
dark  brown  color  and  contains  several  organic  compounds, 
such  as:  acids,  alcohols,  ketones,  aldehydes,  phenols,  ethers, 
esters,  sugars,  furans  and  alkenes;  in  addition  to 
nitrogenated  compounds  and  various  oxygenated 
compounds,  as  shown  in  Fig.  3  [13] 


Fig.  3:  Bio-oil  obtained  from  pyrolysis. 


3.2  Concrete  in  fresh  state  (Slump-test) 

For  the  slump-test,  significant  changes  were  observed, 
since  they  exceeded  the  admitted  variation  defined  in 
calculation  by  the  ABCP/ACI  method  (Portland  Cement 
Brazilian  Association/ American  Concrete  Institute),  (50  + 
10mm). 

There  was  an  increase  of  9%  and  23%,  with  the  addition 
of  bio-oil  with  proportion  of  0.5%  and  1.0%  respectively. 
The  Table  1  below  shows  the  values  obtained  in  the 
laboratory  for  the  reference  mixture  and  the  respective 
additions. 


Table  1.  Results  of  Slump-test  of  cone  trunk. 


% 

Addition 

w/c 

Ratio 

Slump  (mm) 

Increase 

0.00% 

0.52 

50 

0.00% 

0.50% 

0.52 

55 

9% 

1.00% 

0.52 

65 

23% 

3.3  Initial  and  Final  Setting  Time 

Observing  the  setting  time  obtained  via  determination 
assay  [14],  there  was  an  increase  in  the  initial  and  final 
setting  time.  The  table  2  below  shows  the  values  obtained. 

Table  2.  Setting  time  obtained  via  determination  assay. 


% 

W/C 

Initial  Setting 

Final  Setting 

Addition 

Ratio 

Time 

Time 

0.00% 

0.30 

2h45min 

3h36min 

0.50% 

0.30 

2h46min 

3h56min 

1.00% 

0.30 

3hl0min 

4h28min 

It  is  possible  to  note  that,  both  initial  and  final  setting 
time  of  the  sample,  with  the  addition  of  0.5%  of  the  oil, 
increased  on  average  22.5min  compared  to  the  reference. 
The  initial  and  final  setting  for  the  mixture  with  the  highest 
percentage,  increased  25  and  52  minutes  respectively  in 
relation  to  the  reference  mixture. 

Fulfilling  the  requirements  established  in  [15],  with 
initial  of  setting  At  >  90  minutes  and  final  of  setting  At  <  360 
minutes,  the  bio-oil  is  characterized  as  a  plasticizing 
retardant  additive. 

The  analyses  of  the  chemical  composition  of  the  bio-oil 
show  that  the  present  compounds  have  carbon  chains  with 
hydroxyls  (hydroxylated  carboxylic  acids),  which  according 
to  studies  developed  by  [16],  affect  the  chemical  reactions 
between  cement  compounds  and  water,  delaying  the  setting. 
Still  according  to  the  author,  the  hydroxyl  linked  to  the 
carbonic  chain  makes  the  medium  more  acidic,  causing  a 
delay  in  the  setting  without  relation  to  plasticity. 

3.4  Concrete  in  Hardened  State 

In  the  concrete  axial  compression  strength  test,  6 
specimens  of  each  sample  were  used  for  the  ages  of  7,  14, 
28  and  90  days,  in  a  total  of  24  specimens  tested.  The  results 
are  shown  in  Table  3. 

Table  3.  Results  of  axial  compression  strength. 


Average  Compressive  Strength  (MPa) 


Age 

(days) 

Ref. 

0,5% 

1,0% 

7 

25,0 

23,9 

19,4 

14 

30,1 

27,4 

22,78 

28 

30,9 

29,2 

25,5 

90 

31,5 

29,1 

28,5 

It  was  observed  that  the  concrete  with  additive  (bio-oil), 
did  not  exceed  the  reference  concrete  (without  additive)  in 


www.ijaers.com 


Page  |  145 


International  Journal  of  Advanced  Engineering  Research  and  Science  (IJAERS) 
h  ttps://dx.  doi.  org/1 0. 221 61/ijaers.  76.17 


[Vol-7,  Issue-6,  Jun-  2020] 
ISSN:  2349-6495(P)  /  2456-1908(0) 


its  resistance  to  compression  at  any  age.  However,  it  is 
known  that  the  presence  of  hydroxyls  and  some  acids  in  the 
compounds  already  detected  in  the  bio-oil,  can  initially  be 
attributed  to  this  decrease  in  resistance  gain  in  the  early  ages, 
knowing  that  acidic  average  cause  the  delay  in  hydration  and 
cement  setting  time. 

The  average  compressive  strengths  of  the  specimens 
with  addition  of  0.5%,  at  7  and  28  days,  reached  more  than 
90%  of  the  average  compressive  strength  of  the  specimens 
prepared  without  addition,  respecting  the  requirements  of 
[17],  At  7  days  the  reach  was  95.60%,  and  at  28  days  the 
reach  was  94.49% 

When  performing  the  analysis  of  variance  (ANOVA),  it 
was  possible  to  identify,  statistically  that,  there  was  a 
difference  between  the  samples  and  by  Tukey’s  test  it  was 
possible  to  identify  where  this  variation  occurred 

For  the  age  of  7  days,  the  variation  factor  obtained, 
number  Fcaicuiated,  was  equal  to  10.29,  in  other  words,  there 
was  a  difference  between  the  samples  since  the  Ftabied  was 
6.36,  with  a  99%  confidence  level.  The  two  mixtures  with 
bio-oil  influenced  the  results  in  the  order  of  57.84%  in 
relation  to  the  mixture  without  addition,  however,  between 
them  there  was  no  variation. 

For  28  days  a  Fcaicuiated  number  obtained  was  equal  to 
4.497,  a  very  close  value  to  the  Ftabied,  thus,  showing  that  the 
variations  decreased,  with  variation  only  between  the 
sample  dosed  with  1.0%  in  relation  to  the  reference 
concrete.  The  influence  of  bio-oil,  for  this  age,  was  37.48%. 

IV.  CONCLUSION 

The  analysis  of  data  obtained  from  the  compressive 
strength  test,  initial  and  final  of  setting  time,  can  confirm  the 
interference  of  the  use  of  bio-oil  as  an  addition  to  concrete. 
All  results  show  significant  changes  in  the  setting  time  and 
compressive  strength  when  compared  to  the  reference 
concrete. 

In  the  hardened  state  the  specimens  with  bio -oil,  despite 
not  showing  resistance  gain  in  relation  to  the  reference 
concrete  (without  bio-oil),  it  cannot  be  discarded,  even  if  not 
very  relevant,  the  resistance  gain  in  advanced  ages. 

The  results  indicated  that  the  addition  of  bio-oil  showed 
improvements  in  the  concrete  in  the  fresh  state,  with  an 
increase  of  23%  in  the  slump  with  1.0%  of  bio-oil  in  relation 
to  the  weight  of  the  cement,  collaborating  to  justify  the 
hypothesis  that  the  bio-oil  has  a  characteristic  of  a  plasticizer 
additive. 

Although  the  static  analysis  demonstrates  that  there  were 
significant  changes  in  the  concrete  with  the  addition  of  bio¬ 


oil.  This  is  a  preliminary  study  for  a  potential  plasticizer 
additive  and  set  retarder,  with  the  need  of  others  analysis  and 
tests,  especially  with  regard  to  the  behavior  in  the 
microstructure  of  the  concrete. 

REFERENCES 

[1]  ASSOCIAgAO  BRASILEIRA  DAS  EMPRESAS  DE 
SERVigOS  DE  CONCRETAGEM  DO  BRASIL.  Manual  do 
concreto  dosado  em  central.  Sao  Paulo,  2007.  Disponfvel  em: 
http://www.abesc.org.br/assets/files/manual-cdc.pdf.  Acesso 
em  20  de  fevereiro  de  2019. 

[2]  Marques,  A.  C.,  Ricci,  E.  C.,  Trigo,  A.  P.  M.,  Akasaki,  J.  L. 
(2006).  Resistencia  mecanica  do  concreto  adicionado  de 
borracha  de  pneu  submetido  a  elevada  temperatura.  Anais  das 
XXXII  Jomadas  Sulamericanas  de  Engenharia  Estrutural, 
Campinas,  SP,  Brasil. 

[3]  Andreia,  M.;  Cardoso,  R.;  Antunes,  R.  Production  of 
briquettes  as  a  tool  to  optimize  the  use  of  waste  from  rice 
cultivation  and  industrial  processing.  Renewable  Energy,  v. 
Ill,  p.  116-123,  2017. 

[4]  Pode,  R.;  Diouf,  B.;  Pode,  G.  Sustainable  rural  electri  fi  cation 
using  rice  husk  biomass  energy:  A  case  study  of  Cambodia. 
Renewable  and  Sustainable  Energy  Reviews,  v.  44,  p.  530- 
542,  2015. 

[5]  Cai,  X.,  et  al.  Synthesis  of  silica  powders  by  pressured 
carbonation.  Chemical  Engineering  Journal,  v.  151,  n.  1-3,  p. 
380-386,  2009. 

[6]  Ghosh,  R.;  Bhattacherjee,  S.  A  review  study  on  precipitated 
silica  and  activated  carbon  from  rice  husk.  J  Chem  Eng 
Process  Technol,  v.  4,  no  4,  p.  1-7,  2013. 

[7]  SUN,  J.  et  al.  Journal  of  Industrial  and  Engineering  Chemistry 
Production  and  utilization  of  biochar:  A  review.  Journal  of 
Industrial  and  Engineering  Chemistry,  v.  40,  p.  1-15,  2016. 

[8]  Alegre,  P.;  Almeida,  S.  R.  Universidade  Federal  do  Rio 
Grande  do  Sul  Programa  de  Pos-Graduagao  em  Ciencia  dos 
Materiais  pirolise  rapida  de  casca  de  arroz:  estudo  de 
parametros  e  caracterizagao  de  produtos  Universidade  Federal 
do  Rio  Grande  do  Sul  Programa  de  Pos-Graduagao  em  Cienc. 
2010. 

[9]  Sponholz,  I.  Avaliagao  do  desempenho  de  aditivos  redutores 
de  agua  em  concreto  de  alto  desempenho.  1998.  180  f. 
Dissertagao  (Mestrado  em  Engenharia  Civil)  -  Programa  de 
Pos-Graduagao  em  Engenharia  Civil,  Universidade  Federal 
de  Santa  Catarina,  Florianopolis,  1998. 

[10]  Yang,  Y.  et  al.  Combined  heat  and  power  from  the 
intermediate  pyrolysis  of  biomass  materials:  performance, 
economics  and  environmental  impact.  Applied  Energy,  v. 
191,  p.  639-652,  2017. 

[11]  ASSOCIAgAO  BRASILEIRA  DE  NORMAS  TECNICAS. 
NBR  12655:  Concreto  de  Cimento  Portland  -  Preparo, 
Controle,  Recebimento  e  Aceitagao  -  Procedimento.  Rio  de 
Janeiro,  2015.23p. 

[12]  Ji-lu,  Z.,  Bio-oil  from  fast  pyrolysis  of  rice  husk:  Yields  and 
related  properties  and  improvement  of  the  pyrolysis  system, 
J.  Anal.  Appl.  Pyrolysis,  2008,80. 


www.ijaers.com 


Page  |  146 


International  Journal  of  Advanced  Engineering  Research  and  Science  (IJAERS) 
h  ttps://dx.  doi.  org/1 0. 221 61/ijaers.  76.17 


[Vol-7,  Issue-6,  Jun-  2020] 
ISSN:  2349-6495(P)  /  2456-1908(0) 


[13]  BETEMPS,  G.  R.  et  al.  Chromatographic  characterization  of 
bio-oil  generated  from  rapid  pyrolysis  of  rice  husk  in  stainless 
steel  reactor.  Microchemical  Journal,  v.  134,  p.  218-223, 
2017. 

[14]  ASSOC  I  AC  AO  BRASILEIRA  DE  NORMAS  TECNICAS. 
NBR  NM  65:  Cimento  Portland-Determinafao  do  tempo  de 
pega.  Rio  de  Janeiro,  2003. 

[15]  ASSOC  I  AC  AO  BRASILEIRA  DE  NORMAS  TECNICAS. 
NBR  11768:  Aditivos  para  concreto  de  cimento  Portland.  2. 
ed.  Rio  de  Janeiro,  2011. 

[16]  CORREA,  Augusto  Cesar  Abduche.  Estudo  do  desempenho 
dos  aditivos  plastificantes  e  polifuncionais  em  concretos  de 
cimento  portland  tipo  cpiii-40.  Dissertajao  (Pos-gradua§ao 
em  Engenharia  Civil)  -  Curso  de  Engenharia  Civil, 
Departamento  de  Tecnologia  em  Construjao,  Universidade 
Federal  Fluminense,  Niteroi,  2010. 

[17]  ASSOC  I  AC,:  AO  BRASILEIRA  DE  NORMAS  TECNICAS. 
NBR  15900-1:  Agua  para  amassamento  do  concreto  Parte  1: 
Requisitos.  1.  ed.  Rio  de  Janeiro,  2009. 


www.iiaers.com  Page  |  147 


